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Two rocket-powered models representative of a fighter-type airplane 
were investigated Fn flight at Mach nunibers up to 1.01 and 1.07 by the 
Langley Pilotless Aircraft Research Divlsion at its t e s t a  station  at 
Wallops Island, Va. These mo&els  incorporated an inverse-taper e g  and 
a vee tail andomre flown with contzols  undeflected and dng and etabi- 
lizer s e t  at 0 incidence. Values of lateral accelemtian, normal accel- 
eration, velocity, and drag were obta,ined by use of telemeters and a 
Doppler  velocimeter r a d a r  mi+. 

The results  of thie investigation  indfcated no unusual variation in 
the  lateral  acceleration  characteristics.  After the cessation of powered 
flight, t h e  hted oscillation  quic-' m e a  to zero.  he aata -caw 
that  the  airplane,  at  low  lift  coefficients,  ehould not eqperience any 
abrupt  trim  changes u n t i l  it att- a Mach  nuniber  of 4.97. The  change in 
normal-force  coefficient  aesociated with thfs trlm change will mount to 
about 0.03 with the center of gra-vity located  at 4.48 percent of the mean 
aerodynamic chord. At higher  lift  coefficients, on the basis of other 
data, the Mach nUTdber at  which this t r im change  occurs would be  expected 

. to be decreased. The neutral point  of the model at Mach numbers near 1.05 
wa8 estimated  to fall at 45 percent  of the mean aerodynan~Lc  chard, assuming 
a lift-curv  slope  of 0.05. A value of t he  static-directianal-sta~ility 
parameter - of approximately -0.002 was estimated  for a &ch nuniber 

of 0.93. The values of drag coefficient obtained from  both model flights I 

w e r e  in a good  comparative agreement. The highest drag cosfficieht 
occurred at a Mach number of 1.01 and was equal to 0.044. 

2cn . 

w 

The Langleg Pilotless  Aircraft  Research  Division has conducted an 
investigation of rocket-powered models representative  of a fighter-type 
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airplane  configuration a t  its testing  station, Wallops IaleLnd, Va. There 
are presented herein results obtained from fl ight8  of two Tee-tail model6 
having a tail length of 1.56 mean aerodynamic chords (measured from the 
quarter  chord of the wing mean aerodynaslic  chord t o  the quarter chord of 
the tail mean aerodynamic chord) and controls  undeflected. These result8 
consist  of lateral-force,  nonnal-force, drag, and velocity  data. 

11 
To avoid confusion,  the two models tested w i l l  be deaignated ‘$I’ and 

C models. 

SYMBOIS 

f l i g h t  time, seconds 

f l i g h t  Mach nuuiber (V/c) 

speed of sound, feet  par second 

weight of model, pounds 

free-stream dynamic pressure, pounds per square foot  

a i r  density as determined from radiosonde’ o b a e m t i o m ,  slugs 
per cubic  foot 

resultant acceleration along the f l i g h t  path, feet per second 
per second . 

lateral acceleration,  feet   per second per second 

normal acceleration,  feet   per second per second 

accelemtian due to  gravity, 32.2 feet per  secand  per second 

total Xing m a ,  square f e e t  

drag coefficient (5) - 

normal-force coefficient 

lateral-force  coefficient (””:: force ? 
rate of change of pitching-moment coefficient with angle of 

attack,  per  degree 

. 
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acn * - rate of change of yawing-m-nt coefficient with angle of yaw, 
per  degree 

P period of 

moment of 

moment of 

Is 
*z 
- 
C Kblg D a n  

oecillation, secanda 

inertia about the Y-ax i s ,  slug-f  eet 

i ne r t i a  about  the Z-axis ,  slug-feet 

2 

2 

aerodynamic chord, f e e t  

Y fl ight-path angle; degrees 

The models are of all woo3en construction d t h  m e t a l  inser t s  bonded 
t o  the upper and lower surfaces of the wing and tail group. A three- 
view drawing 0-9 the model is presented as figure 1. The characterizing 
features of the  design are a sweptback wing having inverse  taper, a Tee- 
tail arrangement set high an the fuselage, and a relat ively  short  tail 
length.  Pertinent amas and dimensions of the model comgonents are given 
in table I. General views of the model &re shown &a figure 2. 

The models are p m - e l l e d  bg a standard 3 . e - i n c h  Mk. 7 a i r c r a f t  
rocket motor  modified t o  incorporate a s t ra ia t  aectian at the minimum 
nozzle  diameter. The purgose OP this straight section is t o  move the 
motor f a r the r  forward i n  the model an& thereby  provide accommodation f o r  
the motor In the  existing model geometry. This alteration has l i t t l e  

pound. 
. ef fec t  on the motor specif ic  impulse  which is about 66 pound-second per 

Both models were launched from a zero-length  launcher  (fig. 3 1 ee t  
a t  an  elevation angle of 60° f o r  the B model and 75O for   the  C model. 
A l l  control  deflections and the wing and stabil izer  incidences were  s e t  
a t  Oo. As the B model w a ~  the f i r e t  ccmrplete model of t h i s  se r ies  t o  be 
flown, it was considered  advisable t o  secure a center-of-gravi-ty position 
ae f a r  forward as possible to preclude any unforeseen t r i m  changes that 
might lead  to  destructive  accelerations. The consequent  addition of 
ballast accounts f o r  the comgaratively low value of Mach  number attained. 
The take-off  weight was 50 pounda, the  weight after the propellant was 
expended was 40.8 pounds, and the  corresponding  center-of-gravity  locations, 
were, respectiwly,  about 8 and 4 percent ahead of the leading edge of the 
man aerodynamic  chord. For the C model, the take-off w e i g h t  was 47 pounds, 
the  weight after  propellant *was eqpended was 37.8 pounds, and the center- 
of-gravity  location was 4.48 percent of the man aerodynamic  chord f o r  
both  conditiom. The center of gravity was on the  fuselage  reference  l im 
f o r  both models. 
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The data frm the flight -re obtained by the use of a two-channel 
telemeter housed in  the nose section (fig. 4) and a Doppler  velocimeter 
radar un i t  (Pig. 5) located near the launching site. The telemeter f o r  
the B model was desigaed t o  give continuous sign&l.s to  two ground stations 
of normal and lateral acceleration  to an accuracy of f2 percent of full- 
scale  deflection. The normal accelerometer fa l led  to   operate  and the test 
was repeated  using the C model. In this case, t o  insure satisfactory 
r e 3 U l t 9 ,  both telemeter channels were used t o  masure no& accelemtiane. 
Because the values of the forces  to be measured were uncertain, normal 
accelerometers two sens i t iv i ty  ranges , flog and tmg, w e r e  used t o  
insure instrumrsntation  coverage in cam of any uqredicted large trim 
ChmG ~l 

Both models were tracked in f l i g h t  by the radar unit to obtain  the 
tlm history of the velocity along the fliat path. The drag coefficients 
obtained  from t h i s  velocity ti= history and fro= radiosonde records are 
accurate  to *5 percent. m e  values. of temperature and static  preseure ussd 
in calculating den&.- and speed of sound were obtained from radiosonde 
observations made at the time of firing. The variation of Reynolds nmibar 
(based on the man aeroQn8mic  chord of 1.18 ft) with Mach numbr is pre- 
sented in  figure 6 .  

Time his tor ies  of the flights of the two mdeb are presented i n  
f i@re 7. For t h e  B model, data w e r e  obtafned from t he  la tm" acceler- 
ometer and the Doppler velocimeter f o r  about 5 seconds of f l ight from take- 
off.  For  the C model, data were obtained fram the normal acceleronwkrs 
and the radar unit for about 6 seta of f l i g h t  from take-off. The maxi- 
m Mach n~mibers attained and the corresponding Reynolds nmibera for   the 
two flights axe 1.01 and 8,600,000 f o r  the B model and 1.07 and 8,700,000 
f o r  the C model. For the airplane, these Reynolds numbers would occur a t  
about 50,000 f e e t  altitude. 

Lateral  Force 

lbEaminatian of figure 7(a) reve~~s  an increase in later&  acceler- 
a t ion Boon after take-off to  a vahe  close  to -38 at  a Mach nmiber of 
about 0.10. This acceleration  persisted  throughout most of the thrusting 
fl ight  period, becoming 0 a t  M = 0.99 shortly before  the  propellant 
was expended and reaching a value of 0.8 at M = 1.0. As the  ponsibi l i t ies  
of jet-misalinement effects  obscuring  the  true  nature of the data a r e  
always present dur ing  the powered portion of the  fl ight,  no attempt has 
been made herein  to analyze any of the results i n  t h i s  region. Beyond the 
point at which the proyellant uas expended, the model went in to  a short- 
period damped 0 8 C i I - h t i O I l ,  the lateral acceleration becoming 0 at  
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M = 0.85 (t = 2.8). It should be realized  that the acceleration data are 
applicable only for the mdel wing loading, center-of-gravity  location, 
and altitude. If a given force  coefficient  and  Mach number are asswd, 
it  can  be  shown  that the- acceleration  developed becomes less 88 the wing 
loading and altitude  are  increased. 

The values of lateral acceleration  were  converted to d u e s  of 
lateral-f orce coeff  iciant by use of the relatianship 

and are shown plotted against Mach number in figure 8 for the coasting 
part  of t he  flight. The values of the  coefficient in the of Mach 
nunibera  covered in the t e a t  (M = 0.75 to 1.0) are very small, being 0 
from M = 0.75 to M = 0.m then increaeing to about 0.005 at M = 1.0. 

Directional Stabilfty 

=n Application of this  relatiamhip pro.duces 8 value of - of approximately 
-0.002 at M = 0.93. 84 

Bonnal Force 

l?kamination of figure 7(b) reveals 821 increase in normal acceleratian 
from  take-off to a value of 6.78 at a Mach n-r of  about 0.9. At  this 
point,  the  acceleration  decreasea sbrply, beccrming 0 near M = 1.0 and 
continuing  to a maxlrmrm negative value or about 6g at a Mach nlndber of 
about 1.07 which corresponds to ceseation  of  powered  flight. Here the 
model went  into a fairly  short-period dmped 08cillation  until 1.4 secan&6 
after  fir- (M = 0.98) at  which  time the model again developed  poaitive 
accelerations of about 38. As the  speed  further  decreased, the acceler- 
ation a l s o  decreased  until  at a Bch nmiber of 0.79 the acceleratim 
again went through 0, becoming slightly negative  at M = 0.76. 
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The values of n o m 1  accelemtian  obtained from the flight test 
(fig.  7(b)) have be= converted t o  values of normal-force  coefficient by 
use of the relationship 

and are shown plotted agai.nEt Mach nmber in figure 9 f o r  the coasting 
portion of the flight. No abrupt trim change was experienced by the model 
until it attained a Mach number of 0.97. The mgnitude of this trim change, 
f o r  a center of gravity  located at 4.48 percent mean aerodynamic chord, 
would amount t o  a change i n  nomal-force  coefficient of about 0.03. It is 
reasonable t o  assume (see  reference 2) tbt at higher   l i f t -coeff ic ient  
values the Mach nmiber a t  which this t r i m  change occurs may be decremed. 

Longitudinal Stabi l i ty  

Applying the general method  of reference 1 (described in the  section 
entitled  "Directional  Stability") t o  a short-period  oscillation which 
appeared in  the normal-acceleration curve of figure 7(b) coincident with 
the cessation of thrust ( t  = 0.95), approxinate values of the s t a t i c -  

longitudinal-stabil i ty parameter - have been cornguted and are presented 

i n  figure 10 plotted against Mach ntlIDber. It can be seen that the  model is 
s ta t ica l ly   s tab le .  By assuming a l if t-curve slope of 0.05, the neutral  t 

po in t  can be ca lcu la t ed   t o   f a l l  a t  45 percent of the  mean aerodynamic chord. 

d%l 
da 

The values of drag coefficient  obtained from the model deceleration 
along the flight path after the propellant was expended were determined 
from the relationship 

For  the B model, the values of y were determined from a refined flight- 
path 8.mlysia  by assuming zero l i f t  and by uti l iz ing  the lmown v a l u e s  of 
velocity,  deceleration, and drag. As the C model was launched  nearly 

' vert ical ly  (7 = 75') no attempt m a  ma& t o  account f o r  the component of 
gravity due to  inclination of the  fl ight  path.  The drag-coefficient 
values f o r  this mode1 were obtained  over a l i f  t-coefficient  range of 20.02. 
The drag data obtafned from tests of b D t h  mdels are presented i n  figure ll 
f o r  comparison. O f  general in te res t  is the delayed drag r k e  which can be 
a t t r ibu ted   to  the a b i l i t y  of the sweptback w i n g  t o  reduce  the  effects 
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of compressibility. Ro sharp force  break i~ noted. The values of the drag 
coefficlent, although somswhat  lower than was anticipated frcm examftian 
of other ccaqparakle high-speed configurations, are believed to be correct. 
For exanrple, reference 3 gives a drag coefficient  at M = 0.8 of 0.015 for 
a low-wing D-558 arranement ergploflng nearly the same wfng-leading-edge 
and 50-percent-chord sweepback 88 t he  flight model. By takLng fnto 
account the fuselaga nose shape, the midwing location, and the high  test 
Reynolds nuzdber of the flight m&1, t he  low value of drag cc-afficient 
produced  can be madilg accounted  for.  Conpaxiem  of the curve9 rem- 
very  good  agreement between the drag data of both flights, the C-model 
results extending the drag curve beyond M- = 1.0. The highest value of 
the  drag  coefficient  for the range of Mach number tested occurred  at 
'E9 = 1.01 and was eqwl to 0.044. It is noted  that t he  drag  coefficient 

,. appears to decrease  somewhat for speeds  above a mch number of 1.0. It 
is felt  that  additional  tests to higher speeds would be reqpired to 
establish t h i s  point definitely. 

Data  from  flight  investigations of two rocket-powered models 
representative  of a fighter-type airplese configuration  incorporating an 
Fnverse-taper wing and a vee tall @m the following indications  cclncernlng 
the variation of stability and drag f o r  Mach n-rs up to 1.07. 

I. No unusual variation was exhibited in the lateral  acceleration, 
W. lateral  oscillation quicldy damping to zero. 

2. The model experienced no abrugt t r i m  change at  l o w  lift  coefficimts 
until  it  attained a Mach number of 0.97. At  higher  lift  coefficients the 
a c h  number  at which t h i s  . t r im change occurs may be decreased. 

3 .  The model was statically stable wfth the center  of  graVrty  located 
at 4.48 percent mean aerodynamic  chord. By assuming a lift-curve slope 
of 0.05, the neutral point of the mob1 at slightly euprsonic  Mach  numbers 
was estimated to fall at approx~~~~tely 45 percent  of the mean aerodpmmic 
chord. 

4. ~n approxbte w e i s  of osciutian ata revealed a due of 
"n the  static-directional-stability  parameter - = -0.002 for the model 

at a Mach n w e r  of about 0.93. 
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5.  The highest value of drag coefficient was equal to 0.044- 
occurred at a Mach number of 1.01. 
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p1.cpaleion type: 
Rookat 

A p p r a r i m t e  duration, BOC 
Appmxinvrts W t ,  l b  

Center-of-grarlty location 

Wel&t, lb 

Chord, in. 

R.ue dimsnslons 

38 
0 

Ln 

4.2 

Dlmsneim 

3-24 

4.38 

142.00 
22.28 

7.60 

21.72 
4.M 

5-43 

I 

Y e r t i a s l  

Solid fuel  propellant 

Sweptback vae 
hpubllc R-4, 4O-OlOX 

Projected in horitcotal plana 



o/ 5 /0 

"""" 

325 roafsr motor 





mcA RM mo. L&9 

--. 

. .  . . .. . .  

(a) Three-quarter front view. 

I 

(b) Side view. 

Flgure 2. - General views of the model. 
I 



c 



mcA RM No- Itm9 

" 

. .  . 

(c) Three-quarter rear view. 

(d) Three-quartes top view. 

Figure 2.- Concluded. 
1 
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(a) Threequarter top view. * 

(b) Side view. 

17 

Figure 3.- Views of model on launcher. 
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Figure 4.- Two-channel telemeter installation for rocket-powered models. 
L 
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(a) Three-quarter top rear  view. 

Figure 5.- The Doppler  velocimeter r a w  unit. 
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